Abstract. SF6 gas is widely used in electrical equipment, but it is inevitable that failure will occur. However, the current diagnostic methods have the disadvantages of slow response speed, high requirements for the detection environment, and detection of exhaust gas pollution to the atmosphere. Based on this, this paper studies the SF6 decomposition product detection technology based on optical method, including SF6 purity detection based on infrared absorption, SO2 detection based on ultraviolet fluorescence and H2S and CO detection technology based on TDLAS (Tunable Diode Laser Absorption Spectrum). Furthermore, the "zero emission" detection device was developed to perform calibration, temperature and flow compensation, and various gas detection tests. The results showed that the accuracy of SF6 purity detection data was within 0.04%, and the detection accuracy of H2S and SO2 was within 2%. The detection accuracy of CO is within 1%, which complies with relevant testing standards. . The developed equipment has the characteristics of high detection accuracy, short response time, safety and environmental protection.
Introduction
SF6 electrical equipment is widely used in power companies due to its excellent insulation performance and small equipment scale [1] [2] . However, with the operation of the equipment, accidents such as breakdown and flashover may occur, affecting the normal operation of the power system, causing losses to residents' lives and the national economy. Therefore, it is of great significance to grasp the equipment performance and eliminate the hidden troubles in time. At present, the detection of SF6 decomposition products (including SO2, H2S, CO, etc.) in the equipment is mainly detected by the detection tube method, gas chromatography method and electrochemical sensing method [1, [5] [6] [7] , and then the operating state is judged. However, these methods have some drawbacks: the detection tube method cannot be reused, and the environmental requirements are high during the measurement process; gas chromatography is limited by its principle, has a long response time, and requires experienced testers to ensure measurement accuracy, so it is not It is suitable for use in practical engineering; electrochemical sensing method needs to make corresponding sensors according to different gases and temperature, humidity, gas pollution and sensor usage time have a great influence on detection accuracy. In addition, most of the current decomposition product detection devices directly discharge the detected exhaust gas to the atmosphere, causing environmental pollution (the effect of SF6 on the greenhouse effect is more than 20,000 times that of CO2, and it is extremely stable in the atmosphere, and there may be three thousand for many years). Therefore, this paper studies the SF6 decomposition product detection technology based on optical method, including SF6 purity detection based on infrared absorption, SO2 detection based on ultraviolet fluorescence and H2S and CO detection technology based on TDLAS (Tunable Diode Laser Absorption Spectrum). Furthermore, the "zero emission" detection device has been developed, which has the characteristics of high detection accuracy, short response time, safety and environmental protection.
Principle of Optical Detection Technology
At present, there are many studies on the decomposition mechanism of SF6 gas in electrical equipment [3] . This paper selects the commonly used SF6 purity, SO2, H2S and CO as the detection targets, and then measures the operation status of the equipment. This section will describe the optical detection techniques for various gases.
SF6 Purity Detection Based on Infrared Absorption
This detection technique utilizes the property of gas to absorb infrared light of a certain wavelength. Figure 1 shows the absorption characteristics of SF6 for infrared light. It can be seen that there is a significant absorption effect in both wavelength ranges. The light intensity will change during the absorption process and is described by Lambert-Beer's law, as follows:
In the formula, 0 I and I are the light intensity before and after absorption, Cis the concentration of SF6, Lis the length of the optical cavity, and  is the absorption coefficient. It can be seen that the concentration of SF6 gas can be calculated by detecting the light intensity before and after absorption. In order to improve the detection accuracy, this paper uses the same dual-wavelength differential technology for gas detection [13] , the principle is shown in Figure 2 . Two filters are placed at the front end of the light intensity detector, corresponding to the wavelengths of the two absorption peaks in Figure 1 , namely 10.55 um and 3.95 um. This can effectively reduce the influence of impurities such as H2S and CO on the light intensity. The purity of SF6 is obtained by comparing the difference in light intensity corresponding to the two wavelengths, as shown in formula (2): 
Ultraviolet Fluorescence Based SO2 Concentration Detection [14-15]
Because SO2 absorbs infrared light very little, it can't be detected by the method in 1.1. In this paper, the method based on ultraviolet fluorescence is adopted. The main principle is that SO2 absorbs light in the ultraviolet band and then transitions to the excited state, which generates fluorescence during the recovery of the normal state. The process is as follows According to Lambert-Beer's law, the fluorescence intensity detectable by a photomultiplier tube can be expressed by the following formula:
Where Q is the geometric coefficient C of the optical cavity is the SO2 concentration, and L is the length of the optical cavity, which is the absorption coefficient. Therefore, the concentration of SO2 can be converted according to the fluorescence intensity detected by the detection. The typical structure of its sensor is shown in Figure 3 . 
Detecting H2S and CO Concentration Based on TDLAS [6-7]
The concentration of H2S and CO in the SF6 decomposition products is very low, and the detection cannot be completed by the general technique. In this paper, the method based on TDLAS is used to detect H2S and CO.
The basic principle of the system is shown in Figure 3 . The high-frequency sinusoidal signal is superimposed on the laser driving current while superimposing a high-frequency sinusoidal signal to realize the wavelength modulation of the laser. After the infrared beam is absorbed by the gas, the optical signal is converted into an electrical signal by the photodetector. And then enter the lock-in amplifier, demodulate the multiplied signal of the sinusoidal signal to obtain a harmonic signal related to the measured gas concentration. The measurement of the measured gas concentration is achieved by detecting the magnitude of the harmonic signal. 
System Development System Framework
Because the project involves the detection of three gases, in order to facilitate the design of modular thinking, the overall framework of the system is shown in Figure 4 . Including pneumatic system, SF6 purity detection unit, SO2 detection unit, H2S and CO detection unit, signal processing module, etc. The system has functions such as data storage, analysis, history query and report printing. 
Key Technology
Gas Path Design. Conventional optics detect the content of a gas, and the device developed in this paper uses three optical techniques to detect four gas contents. If a gas chamber is designed separately for each gas, the volume of the equipment will increase and the corresponding cost will increase. In order to ensure the detection accuracy, the gas path system designed in this paper is shown in Figure 6 , which mainly includes the following components:
A. Custom buffer bottle In order to ensure the detection accuracy of the detection link, the function of the customized buffer bottle is to buffer the exhaust gas after the detection link. This paper chooses 1.5L, stainless steel material, no pressure is required; 5 holes are opened outside the pipe wall, 3 holes are used to receive the three-way exhaust gas of the detection link, and the fourth hole is used as one input of the differential pressure sensor, the fifth The holes are connected to the input of the electromagnetic regulating valve. B. Differential pressure sensor In order to maintain the pressure in the buffer bottle at ±50 Pa (vs. atmospheric pressure), a differential pressure sensor is required. One of the inputs is connected to the fourth hole of the custom buffer bottle, and the other input is connected to the atmosphere. C. Electromagnetic regulating valve When the difference of the differential pressure sensor exceeds ±50 Pa, the electromagnetic regulating valve is gradually opened. The larger the positive difference, the larger the valve opening voltage is until the full open voltage is 12V; the smaller the difference, the smaller the valve opening voltage is until 0V.
The gas entering the recovery tank can be recycled to the SF6 treatment plant or purified and injected into the equipment for further use. This design completes the "zero emission" of gas detection, effectively reducing exhaust emissions during the detection process and reducing atmospheric pollution.
Laser Selection. From the above analysis, the system has certain requirements for the laser: first, the gas to be detected can only absorb light of a specific wavelength such as (SF6 vs. 10.55um and 3.95um infrared light, SO2 vs. 190-230nm ultraviolet light), therefore It is required that the laser can generate the laser of the corresponding band; secondly, the stronger the light is in the detection process, the stronger the signal detected by the photodetector makes the concentration detection more sensitive; in addition, the stability of the laser determines the constant level of the input, affecting The accuracy of the system repeat measurement. In combination with the above requirements, this paper selects the following types of lasers: Filter Technology. The laser generates light of different wavelengths. When light that cannot be absorbed by the detection system enters the reaction chamber, the signal-to-noise ratio is reduced due to scattering, which affects the detection accuracy. Therefore, a light-care operation is required before the light source enters the reaction chamber. In this paper, two kinds of light treatment are mainly carried out. First, a suitable light-receiving sheet is selected to filter out the variegated light, and the remaining light of a specific wavelength (such as 250-420 nm of SO2) is detected. In order to obtain a single light of the band, the doping filter is subsequently performed. The main spectral dispersion will be monochromatic light, and the monochromatic light of the desired wavelength, intensity and transmission direction will be selected through the slit and the lens.
Temperature and Flow Compensation Measures. The detection accuracy of the device is related to the flow rate and temperature during the detection. Because the reaction chamber is constant during the measurement process, different temperatures and flow rates will cause different pressures in the chamber, which will cause differences in the number of molecules in the reaction chamber. The degree of absorption is also inconsistent, and the final measured gas concentration will also have errors. In order to compensate for the error caused by temperature and flow, this paper mainly uses the least squares method to process the data.
Test Calibration Test
The system designed in this paper converts the optical signal into an electrical signal (or sampled value, which varies according to the design), and does not directly output the gas concentration, so calibration is required for corresponding conversion. This section uses the SF6 purity test calibration as an example to illustrate, the calibration process of other gases is similar.
Firstly, the equipment is placed in a standard atmospheric pressure, 20 ° C environment, the gas flow rate is set to 500 mL/min, respectively, into different concentrations of SF6 standard gas (90% ~ 100%), and then the test results (V), as shown in Table 2 Show. The above data was then fitted according to the least squares method, y=2.553*x+87.2, and the curve is obtained as shown below. As can be seen from the figure, the calibration results are in good agreement.
Temperature and Flow Compensation Test
As mentioned above, temperature and flow will have a greater impact on the test results. In this paper, the data results are tested at different flow rates and temperatures, and then compensated by least squares method. In this section, the compensation of flow rate for SF6 purity detection is taken as an example, and the rest of the compensation process is similar. 85% concentration of SF6 standard gas was introduced during the test. The specific test results are shown in Table 4 . The flow rate is compensated by the flow rate of 500 mL/min. The compensation function is calculated by the least squares method as follows:
Where 1 V is the corrected voltage value, 0 V is the voltage value before correction, and L is the flow value. Subsequently, the above formula is included in the final conversion process, and the data before and after the compensation is obtained, as shown in Table 4 . It can be seen from the results that the error after compensation is small, within ±2%. 
Data Test
In order to verify the effectiveness of the system, various other tests under different temperatures and flows were performed, as shown in Table 5 . It can be seen from the data that the accuracy of SF6 detection data is within 0.04%, the detection accuracy of H2S and SO2 is within 2%, and the detection accuracy of CO is within 1%, which meets relevant testing standards. 
Conclusion
In this paper, the SF6 decomposition product detection technology based on optical method is studied, including SF6 purity detection based on infrared absorption, SO2 detection based on ultraviolet fluorescence and H2S and CO detection technology based on TDLAS (Tunable Diode Laser Absorption Spectrum). Furthermore, the "zero emission" detection device was developed to perform calibration, temperature and flow compensation, and various gas detection tests. The results showed that the accuracy of SF6 detection data was within 0.04%, and the detection accuracy of H2S and SO2 was within 2%. The detection accuracy is within 1% and meets the relevant testing standards. . The developed equipment has the characteristics of high detection accuracy, short response time, safety and environmental protection.
